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TECHNICAL MEMORANDUM 


SOLAR ACTIVITY DURING SKYLAB - ITS DISTRIBUTION 
AND RELATION TO CORONAL HOLES 

INTRODUCTION 


In tlie course o£ assembling the record of solar activity during the period 
of Skylab observations, reseai’chcrs have noted that solar flares [11, sunspots 
and coronal transients 12 1 , and coi'onal bright points [3] were not distributed 
uniformly in solar longitude but, instead, were associated with one hemisphere 
of the Sun {13G-315 hcliograpliic degrees longitude). In contrast, coronal holes 
dominated the quiet hemisphere 1 1,4) . In this report, wo examine the distribu- 
tion and properties of solar active regions observed during the Skylab period, 
comparing regions within the active hemisphere with regions near coronal holes. 

Correlations are presented of (l) flare activity versus heliographic 
longitude, (2) active region lifetimes versus coronal hole proximity, (3) active 
region flare production versus coronal hole proximity, and (4) active region 
magnetic configurations versus coronal hole proximity. Also presented are Ho- 
synoptic maps sliowing coronal hole outlines, cacli map including an activity 
histogram for each Carrington rotation and a cliart summarizing solar activity 
for the entire Skylab mission peiiod. 


METHODOLOGY 

Solar activity diu’ing the Skylab period is shown in Figures 1 through 10, 
using histograms and ihv synoptic charts. The charts are annotated with the 
serial numbers of active regions and filaments as assigned by the National 
Oceanic and Atmosphei'ic Administration's (NOAA) Space Environment Center 
in Boulder, Colorado, Furthermore, those charts identify the neutral lines in 
the radial component of the solar magnetic fields as mapped by filaments and 
systems of fine structures visible in Ho filtergrams obtained by flare patrol 
telescopes [5]. Bohlin [4], Eohlin and Rubenstein [G] , and McIntosh et al. [ 7] 
have shown that the boundaries of coronal holes have a close relationship to the 
patterns of large-scale magnetic fields ns depicted from Hff observations. To 
these charts we have added the coronal hole outlines as published by Nolte et al. 
[8] and Bohlin and Rubenstein [G], 



Active rojj^ons 20 dot^rccs froj« any coroivil hole boundary were utilized 
in the coronal hole ^active rej^on Htudy. 'rhesc distances wore measured from 
the centroid of the Ho rcfj;ion to the border of the coronal hole (at centrsU 
meridian) ns depicted on tlie synoptic maps. 

Ho- flare activity during Skylab was tabulated by the NOAAMlr Weather 
Service ( AWS) resd-time solar obser\1nj; network, subsequent film reviews, 
and by other solar observatoHcs. Interpretation :md compilation of these reports 
were performed by Hirman ot al, lOj. X-ray flare magiUtudes were determined 
from SOLRAD 9 and VELA satellite observations. Usini; those Ho and X-ray 
data, we have plotted the distribution of solar flare occurrence versus hello- 
t;raphic lon^tudc in 9 dcp;rcc increments for each rotation (shown in Figures 1 
through 10 below Uie synoptic maps as histograms). Figure 11 Illustrates flare 
occurrence versus heliographic longitude and active region positions for the 
entire Skylab period. (Only flaro activity observed during the Skylab mission is 
included in Figure 11. ) 

Idfetimes of active regions were deterndned by their appearance imd 
disappearance as depicted on inferred magnetic neutral line maps which were 
drawn in ro:il time from Hrv prints trimsmltted (approximately every 8 hours) 
to the NOAA solar support group at the NASA/Johnson Space Center, Active 
region lifetimes in days (t) were divided into three groups: tsl, l<t<7, 
and t > 7. Active regions which traversed the east limb and died on the disk 
within 7 days and those which wore born on the disk luui then traversed the west 
limb witlUn 7 days are included in tills sample. However, since tlielr lifetimes 
arc somewhat ambiguous, we have assigned half of these regions to the second 
group (1 < t r 7) and half to die third group (t > 7). 

Compairlson of active region magnetic parameters was acliieved utilizing 
Mt. Wilson’s classification system and data. For NOAA active regions with 
corresponding Mt. Wilson region numbers, tlio maximum magnetic complexity 
observed was taken from the Sohu* Geophysical Data (Prompt) region reports. 
For NOAA active regions without corresjionding Mt, W'ilson region numbers, 
NOAA AWS observatory determinations of Mt. Wilson classifications wore used. 
These parameters wore subdivided into three subsets of increasing complexity; 
(1) regions wiUiout sunspots, (2) regions with Mt. Wilson classification of n or 
/ 3 , and (2) regions with Mt. Wilson classification of or /JyA. 


2 


ANALYSIS 


At< U»i1hoh :hu 1 lloiit'nvivn | li rt'piviliHl, llu’ [Sim I'xhibilt’il un lU’tlvo ;uui »n 
Inactive homisplioiv din-inp, t1io 8tvVl;U> tnist^ion |K’i‘ioii Irain to mUl- 

IJ>7l. Ah slun\n in V'ip.uro 1 1, tlio aotlvo luMuisplu'fo was acluaUy ooniprlHod t>f 
Umu’ dtHi'ivte, ai'tlvt' bamis' i iri-i7r> doproos, di'jvifOH, ami 

ilopiivoH. Tabli' l atul l-'ii'.iii'i' 11' pr('.sonl llu' flaiv proUuptlon for lJu» 
active lu'jniHplunv. VUhouf.h only b',i poroont of ilu* itHal nuuibt*r of rotiions 
obHcrvoil ilnrlnp Si\vl:vb Itvy in ihln avUvo hoinis^pbori', tboy accounted for appfoNl- 
mately 00 pcrivnt of Ibe (oial number id flarea. 

Table 1 and I'ipure I'J alao shtm tbe acllvily proiUieed by active regions 
- CO vleprecH frtun ilie euronal holen. i'lne flnda tiiat the optical and X^ray flare 
prodncUiUL by these reivions is less juvr ^•e(',ton when eompared to tbe rep,1onH 
aHHoeiated with the active hemiHiilierc. Kurthcnnore, when the larp'or optical 
or nu>rc enerpetlc X-ra> liart's are eotLsidereii, flare production per region in 
lower still. V'or thost' repions measured to he - 10 ileprces from a coronal hole 
boundary (1 1 percent v>f the toial nmnlH'r of rcpionsV, W’e fiiui that flare proiluc- 
lion Is ilecreased to approximately 10 iK’rcout of the SKylab total. (In V'igure ICa, 
pereentapes for rcplons near eoiNuml holes reticet the perccutape of total flare 
production of tiu'sc regions after normali/ation v'f the munlxvr of the coronal hole 
repions to tlu’ number i>f acti\c licmlsi'here repions.) 


luchuUwl in this sample of repions U' deprees from a coronal hole is a 
flare-rich actiw com|dex composed id' repions t’S” and ChC. Coronal hole C* I lO) 
formed approximatelv ;> deprees from these two repions durinp rotation tdOH. 

'I'he location of repions 'Jj' 7 and '.T'J heciime exceciiinjdy quiet durinp the subse- 
quent two solar rotations, proiiucinp only ono suldla, re, while coronal hole C* 
enlarped and became eomu’eted to llie southern polar hole. While the loeatlon ot 
repiotis CST and CHC is within one of the aeltve lonpitnde belts, tbe development 


of coronal bole 2+ appears to have effected Uu' subsi'quent ilamidnp of the flare 
prodnetlon of that jnwtously aelivo aroa. The appearance ot active repions CS7 
and CbC in tlial active lonpUtule hand is not anomalous. The resultant efteets of 
tbe subsequent birth am! prowth of eoi-onal bole are believed part of a larpe- 
seale, lonp-lived [iroeess rather tlum tbe effects of individual active repion 


piiramoters . 


Mijc eoutributiou of active repions CSV ami CtlC to tbe flare proiluetlon 
totals of repions • 10 depii'es fron\ coronal holes is stpnitieaut. Without that 
contribution, the rcmalntnp :U repions (K! ix’fccnt of the total) - 10 deprees 
from CL'roni'l holes produced only 2 percent id' llu' total sobtiaiv production with 
no X-ray flares exeeediup the class C intensity beinp observed. 


Because of the expanded active region numbering scheme used by solar 
forecasters during Skylab,* tiiore is an iidicrcnt bias toward a higher number of 
small, short-lived active regions in this study as compared to most previous 
studies of active region lifetimes defined by sunspot and calcium plage parame- 
ters. However, since forecaster adherence to the criteria for assignment of 
region numbers remained consistent within the SItylab period, numbered active 
regions can be compared and correlated by longitudinal distribution within tliat 
period. 

From Table 1 and Figure 12b we note that tlie active hemisphere con- 
tained more long- than short-lived active regions. We also note that the con- 
verse of this is true for active regions in the vicinity of coronal holes. 

Finally, in Table 1 and Figure I2c, Mt. Wilson magnetic classifications 
for Skylob active regions are compared. Begions in tlie active longitudes had 
a tendency to be more complex than average, and regions near coronal holes were 
slightly less complex. In fact, for the subset of active regions < 10 degrees from 
coronal holes (excluding regions 287 and 292) no complex magnetic configurations 
were observed. The percentage of normal and reversed polarity regions for the 
different subsets of active regions is approximately equal to that of the whole Sun. 


CONCLUSIONS 


Based upon this study of a discrete portion of a solar cycle, several 
trends become evident. During Skylab, active regions near coronal holes 
generally (l) produced very little flare activity, (2) had relatively short life- 
times, and (3) were magnetically simple. Also during Skylab, the Sun contained 
an active hemisphere which (I) was composed of three distinct longitude bands 
of activity and (2) produced almost all of the flai’lng activity. 


1. The criteria for assigning a NOAA region number to an Ho feature during 
Skylab differed somewhat from those generally used prior and subsequent to 
Skylab. In addition to regions with sunspots and those which produced flares, 
emerging flux regions and other regions of specific interest to the Skylab 
solar experimenters were also given region numbers. 
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Figure 1. Ho synoptic chart with coronal hole boundaries aligned with flai-e 5 

activity histogram for Carrington rotation 1601. 
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Figure 4, Ho synoptic chart with coronal hole boundaries aligned with flare 
activity histogram for Carrington rotation 1G04. 
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Figure o. Ho synoptic chart with coronal hole boundaries aligned with flaie 
activity histogram for Carrington rotation 160.5, 
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ROTATION NO. 1607 (OCTOBER 15 - NOVEMBER 12) 
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Figure 7. Ua synoptic chart with coronal hole boundaries aligned with flare 
activity histogram for Carrington rotation 1607. 
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Figure B. synoptic chart with coronal liole boundaries aligned with flaie 
activity histogram for Carrington rotation 160H. 
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Figure 9. Ho synoptic chart with coronal hole boundaries aligned with flare 
activity histogran^ for Carrington rotation 1609. 


13 


inoaiod 



awviUAnoaKs 








ffg 

70S 

I 

■ 

. ^ t L.- -4—. 1 M ■ ■ * ' ■ " ■ 

WEAK AND VARIABLE PATTERNS 

10/20/7A 

< 1 , r 1 1 1 1 1 1 ( t 1 1 ii < 1 1 1 ; I f 1 

Efi^H 

, 1 1 i ’ 1 I . 1 1 . 1— i L — 1 L 

60 39 120 

150 IBO 210 240 270 300 330 3B0 3 

9 


■ 

I 


ROTATION NO- 1610 (JANUARY 5 - FEBRUARY 2) 

CLASS X X-RAY FLARES 

CLASS M X-RAY FLARES 

CLASS C X-RAY FLARES 



OPTICAL FLARES (IMP > 1) 


OPTICAL SUB-FLARES 



Figure 10. Ho synoptic chart with coronal hole boundaries aligned with flare 
activity histogram for Carrington rotation 1610. 
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Figure 11, Solar longitudinal distribution of flares 
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Figure 12. Flare activity production, lifetimes, and magnetic classifications for various subsets 

of active regions observed during Skylab. 





TABLE 1, FLARE ACTIVITY PRODUCTION. LIFETIMES, AND IVLAGNETIC CLASSIFIGATIONS 
FOR VARIOUS SUBSETS OF ACTIVE REGIONS OBSERVED DURING SKYLAB 



All 

Skylab 

Active 

Regions 

Active 
Longitudes 
(136' - 315») 

Active 

Regions s20' 
from CHs 

Active 

Regions £l0* 
from CHs 

Active 

Rcfjons £l0* 
from CHs 
Wltbout 287 '292 

Flare Activity 






Number o£ Active Regions 

233 

136 (5-iT ) 

73 (317) 

33 ( 117 ) 

31 (13" ) 

Number of SubDares 

17S-1 

1535 ('iG'T ) 

412 (23" ) 

138 (77 ) 

33 (2") 

Number of DIP 1 Flares 

104 

94 (901 ) 

24 (23~ ) 

9 (97 ) 

1 (1*) 

Number of Class C X-Ray Flares 

294 

257 ( ''77 } 

58 (20~ ) 

27 (97) 

0 (O’) 

Number of Class M X-Ray Flares 

24 

22 (92"^ ) 

4 (17" ) 

3 (13" ) 

0 (O') 

Number of Class X X-Ray Flares 

3 

3 ( loo": ) 

0 (07) 

0 (0") 

0 («" ) 

lifetimes 






Active Regions s 1 Day 


12" 

25 ’ 

33" 

357 

Active Regions > 1 and 7 Days 

391 

34 ’ 
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39" 
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37" 
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26 ' 

Magnetic Classifications 






Regions Without Sunspots 

311 
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